Abstract: Finding ways to reduce tobacco and alcohol consumption among adolescents has been a major public health challenge in China. In relation to this issue, the current study evaluated the changes in the sociodemographic factors of tobacco and alcohol consumption among Chinese adolescents who are 12-18 years old. Trends in sociodemographic factors associated with tobacco and alcohol consumption were investigated based on the 2004-2011 China Health and Nutrition Survey data. Questionnaires that extracted data on tobacco and alcohol consumption (i.e., prior experience of smoking cigarettes and drinking alcoholic beverages) were distributed. Additional variables (e.g., age, residence, gender, etc.) were used in the analyses. Firth penalized logistic regression was conducted with drinking and smoking status variables as the dependent variables. Male adolescents were more inclined to smoke in
Introduction
Tobacco and alcohol consumption among adolescents have become an enormous public health burden in China. China is the world's largest tobacco consumer, with more than 300 million smokers or approximately one-third of the total number of smokers in the world. More than half of China's daily smokers start smoking before the age of 20. A report showed that 80% of young smokers continue to smoke in adulthood [1] . Adolescent smokers have a higher risk of developing cardiovascular diseases and lung cancer in adulthood compared with non-smoking adolescents, especially in their twilight years [2, 3] . In 2014, 5.9% of Chinese adolescents smoked combustible cigarettes, whereas only 0.9% of Japanese adolescents did [4] . The worldwide prevalence of adolescents' combustible cigarette smoking is measured at 10% [5] . Although the smoking rate of Chinese adolescents is lower than that in the whole world, the huge population base makes the problem appear especially serious. According to the China Youth Tobacco Survey, approximately 9.4 million middle school students have tried tobacco products and one-third of them are now tobacco users. Approximately 20% students aged 13-15 have smoked combustible cigarettes at least once, and 5.9% have smoked in the past 30 days [6] . Therefore, the smoking situation of Chinese adolescents is worthy of attention. Globally, alcohol consumption has caused approximately 3.3 million deaths every year (5.9% of all deaths) and 5.1% of global diseases [7] . In 2008-2010, China consumed an average of 6.7 L of alcohol per person annually (15+ years old), higher than the 6.2 L worldwide alcohol consumption per person annually (15+ years old) [7] . The rate of alcohol consumption among Chinese persons over the age of 15 is close to the highest level in the world (the European average is 10.9 L) [7] . Meanwhile, heavy episodic drinking among China's 15-19-year-old adolescents is around 12.0% [7] . A study among adolescents in six Chinese cities found that more than 50% had drunk alcohol and nearly 40% had drunk alcohol in the past year [8] . Another study reported that the prevalence of drinking among students (9-21 years old) was 7.3%, and 13.2% of the students were reported to have alcohol-related problems [9] . Numerous studies have shown that alcohol consumption is associated with many diseases. Thus, the high prevalence and consumption of alcohol among Chinese adolescents needs intervention.
Adolescents' early smoking and drinking behaviors are correlated [10] . The earlier adolescents start smoking, the greater the risk of drinking for lifetime [11] . Previous studies have shown that 75% of adolescent smokers continue to smoke as adults [12, 13] . Moreover, alcohol consumption increases the risk of using other substances [14] . Studies have shown that alcohol is a "gateway" substance associated with tobacco, marijuana, and prohibited substances [15] . Furthermore, tobacco and alcohol consumption in early adolescence increases the risk of depression and anxiety [16, 17] . In addition, drinking behavior combined with smoking can be a cause of certain diseases. For example, smoking does not increase a woman's risk of breast cancer alone, whereas smoking increases the breast cancer risk of women who drink alcohol [18] .
Previous studies have shown that sociodemographic factors and social influences affect adolescents' tobacco and alcohol consumption. For sociodemographic factors, the risks of tobacco consumption among 13-15-year-old Chinese adolescents have increased with age [6] . A previous study in Wuhan, China revealed that older adolescents were more likely to smoke [19] . A Chinese survey also showed a gender difference in adolescent smokers, among whom males smoked more cigarettes than females [20] . Male adolescents in rural areas are more likely to smoke than those in urban areas [19] . For social influence, a 2010 study revealed that fathers or mothers had a significant impact on adolescent smoking [21] . Among the sociodemographic factors that influence alcohol intake, the negative effects on young adolescents are more serious than those on older adolescents [22] . Gender is related to the alcohol consumption of adolescents, among whom males drink more alcohol than females [23] [24] [25] . Compared with girls, boys are more expected to have the characteristics associated with excessive drinking, such as aggression [26] . For social influences, a 2015 study in China showed that adolescents who have jobs had no limitation in alcohol consumption [24] . Furthermore, parental attitude was more closely associated with alcohol use in adolescents [27] . In China, tobacco and alcohol play a key role in social events. Tobacco is associated with a humble and respectful attitude, and alcohol represents a traditional culture of hospitality and friendliness [28] . Most Chinese teenagers believe that smoking and drinking are good for making friends and getting along well with others. This point-of-view has promoted smoking and drinking behaviors among Chinese teenagers, as proven by some studies [29, 30] . The sociodemographic changes in tobacco and alcohol consumption among Chinese adolescents should be analyzed. Examining such changes can ultimately provide insights for future intervention and enable researchers to examine the public health policies that affect adolescents.
Using data from the China Health and Nutrition Survey (CHNS), we examined the alcohol and tobacco consumption trends in Chinese adolescents (12-18 years old) over a seven-year period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . Tobacco consumption was measured by one behavioral factor, namely, "ever smoked cigarettes (combustible cigarettes)" and alcohol consumption was measured by "drink beer or any other alcoholic beverage". All respondents were asked whether they drank alcoholic beverages, such as beer or any other alcoholic beverage, and whether they had previously smoked cigarettes. Our study objectives are as follows: (1) to investigate the trends in alcohol and tobacco consumption among adolescents; (2) to examine the changes in the sociodemographic factors of alcohol and tobacco consumption; and (3) to investigate the relationship between alcohol and tobacco consumption among Chinese adolescents (12-18 years old).
Materials and Methods

Study Sample: CHNS
The CHNS employed a multistage, random cluster process to obtain a sample from nine provinces (Liaoning, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi, Guizhou, and Heilongjiang) and three large municipalities (Beijing, Shanghai, and Chongqing, which were added in 2011) [31] . In each province, cities and counties were stratified by income (low, medium, and high), and two cities and four counties were selected by weighted sampling scheme. Four communities (urban/suburban and village/town) in each city/county were randomly selected. In each community, 20 families were randomly selected. In some cases, new households were recruited to replace people who had moved out for various reasons. This comprehensive dataset aims to study China's health, population, socioeconomic, and nutrition policies. The official website of the CHNS (http://www.cpc.unc.edu/ projects/china) provides detailed information on this survey. [31] provided additional information on the CHNS.
Tobacco and Alcohol Consumption
The tobacco consumption outcome measures included "smoked cigarettes" (yes/no). The alcohol consumption status outcome measure included "drink beer or any alcoholic beverage" (yes/no). Adolescents (12-18 years old) were asked to answer the following questions: (1) Have you ever smoked cigarettes (including hand-rolled or device-rolled)? (2) Have you drunk beer or any other alcoholic beverage this year?
Ethical Considerations
As this study is based on the CHNS open database, the authors' organization does not need to conduct an ethics review.
Covariates
Additional variables, such as age, gender, ethnicity, type of residence, current education status, household registration type, and family type, were used in the analyses. These covariates were included because the questionnaire required information on adolescents between the ages of 12 and 18. Participants were divided into four groups based on their age (12.00-14.99, 15.00-16.99, 17.00-17.99, and 18.00-18.99 years). Previous studies found that 12-14-year-olds had different tobacco prevalence rates than those over 15 years old [5] . Ethnicity was divided into two groups, namely, Han and minority. The participants were divided based on their areas of residence, namely, urban and rural. For education status, the participants were divided into school pupils and those who did not attend school. Household registration type was divided into urban and rural. Family type was divided into four groups, namely, mother lives with adolescent child, mother does not live with adolescent child, father lives with adolescent child, and father does not live with adolescent child.
Statistical Analyses
Additional variables, such as age, gender, ethnicity, type of residence, current education status, household registration type, and family type, were used in the analyses. The participants' characteristics were summarized by using frequencies and percentages. A chi-square test for trend was performed to determine the smoking and drinking rates among adolescents from 2004 to 2011. Considering the low prevalence rate of drinking and smoking among adolescents, we adopted the more appropriate penalized logistic regression. Penalized logistic regression proposed by Firth [32] was conducted with alcohol consumption and smoking variables as the dependent variables. Previous studies have reported differences in smoking and drinking rates across age groups [5] , we adopted two different models for different age groups. A penalized logistic regression model was developed by using age (12.00-14.99, 15.00-16.99, 17.00-17.99, and 18.00-18.99 years old), gender, ethnicity, type of residence, current education status, household registration type, and family type (nuclear family/single-parent family) as independent variables. A penalized logistic regression model was developed by using age (continuous variable), gender, ethnicity, type of residence, current education status, household registration type, and family type as independent variables among adolescents aged 15-18 years old. All tests were two-sided, and p-values less than 0.05 were considered statistically significant. All data analyses were performed using statistical software (SAS version 9.4.3; SAS Institute, Cary, NC, USA).
Results
Characteristics of Sample
A total of 3167 participants from the CHNS data were included in this study, including 1697 males and 1470 females, answered all the questions. The majority of the participants lived in rural areas. A total of 49.1% participants were 12-14 years old, 29.0% were 15-16 years old, 11.2% were 17 years old, and 10.7% were 18 years old. Among the 84.4% of participants who were pupils, 39.8% were from urban households, 85.8% stated that their father lived with the family, and 90.3% stated that their mother lived with the family (Table 1) .
A total of 108 participants, which included 99.1% males, 91.7% Han, and 59.3% residents of rural areas, reported that they had previous smoking experience. Among the 76.9% of smokers who were not attending school, 236 participants reported that they had previous drinking experience; these participants included 81.4% males and 92.8% Han; 45.8% drinkers were not attending school (Table 1) . 1 Participants who had previous smoking experience; 2 Participants who had no previous smoking experience; 3 Participants who had previous drinking experience; 4 Participants who had no previous drinking experience; 5 Number of participants.
Penalized Logistic Regression Analysis for Tobacco Consumption among Participants Aged 12-18
Results based on gender showed that female adolescents were less inclined to smoke compared (Table 3) .
Penalized Logistic Regression for Alcohol Consumption among Participants Aged 12-18
The results based on gender showed that female adolescents were less inclined to drink compared Table 5) .
We got similar results about tobacco consumption in Tables 3 and 5 . The gender, current education status, and alcohol consumption were associated with the tobacco consumption among adolescents. We also got the similar results about alcohol consumption in Tables 4 and 5 . The gender, current education status, and tobacco consumption were associated with the alcohol consumption among adolescents. For the age, adolescents aged 15-16 years old were more inclined to smoke and drink. However, among adolescents aged 15-18 years old, older adolescents were less to smoke and drink.
Discussion
The current study identified adolescent high-risk groups for tobacco and alcohol consumption. Adolescents aged 15-16 years were more inclined to smoke and drink compared with those aged 12-14. However, among adolescents aged 15-18, older ones were more inclined to avoid smoking and drinking. Adolescents who were not in school were inclined to smoke. This study revealed that male adolescents who lived in urban areas were expected to consume alcohol. The tobacco and alcohol consumption among adolescents were related from 2004 to 2011. Thus, future health education and promotion measures to limit tobacco and alcohol consumption should consider sociodemographic factors such as gender, age group, residence, and current education status.
For tobacco consumption, this study determined that male adolescents who were not studying were expected to consume tobacco more than their peers who were female and studying. A global survey showed that male adolescents were more inclined to smoke [5] ; this result is similar to our finding. Previous studies revealed that current education status was associated with tobacco consumption among adolescents [33, 34] . We determined that adolescents who were not studying were inclined to smoke from 2004 to 2011. Previous research showed that family intervention based on brief physician intervention were effective in preventing smoking among adolescents [35] . Thus, family interventions should be considered for adolescents who were not in school. Web-based interventions can be effectively delivered to different populations [36] , including adolescents who are highly receptive to Internet-based information. Therefore, more Internet-based interventions can be considered in the future. However, based on a survey in Jiangsu Province, China, many smokers were college students. Approximately 29% of a past study's sample (49% males and 5% females) reported smoking in the past 30 days [37] . This finding indicated that smokers started smoking for the first time after high school and before college.
Previous studies revealed that age was associated with tobacco consumption among adolescents [38, 39] . Adolescents aged 15-16 years were inclined to smoke compared with those aged 12-14 in 2006 and 2009. This result is similar to the previous findings [5] . However, among adolescents aged 15-18, older ones were less inclined to smoke in 2004. Those aged 18 are usually in their third year of high school. Competition in China's college entrance examination is so great that students have to spend all their free time on studies, which reduces the time for entertainment and parties. Fewer parties reduce the chances of teen smoking. Adolescents aged 12-18 are in middle and high schools. Thus, various age groups should be considered when designing future interventions on tobacco consumption among adolescents, and such interventions in middle and high schools should be different. Future studies should also consider many influential factors for specific age groups.
We did not found that residence (urban/rural) was associated with smoking behavior. However, previous study has determined that residence (urban/rural) had an impact on smoking [19] . In China's rural areas, teens may be able to obtain cigarettes easily despite laws that prevent selling cigarettes to minors. In rural areas, cigarette susceptibility is higher than in urban areas [19] . Thus, the government should strengthen supervision and ban the sale of cigarettes to young people. Printing graphic warnings on cigarette packets can also help teenagers understand the dangers of smoking. The Chinese government should push for graphic warnings on cigarette packets as soon as possible.
For alcohol consumption, the present study revealed that male adolescents living in urban areas were more inclined to consume alcohol. A previous study revealed that gender was associated with alcohol consumption among high school students [24] and that females were not inclined to engage in drinking from 2004 to 2009. Male students were more inclined to drink than females. Previous studies also revealed that male adolescents were inclined to drink similar to their fathers [40] , and non-drinking fathers opposed underage drinking. Traditional Chinese culture has a significant effect on men's drinking behavior, such as in cases of social and business practices [41] . This culture is important for males. The parents' attitude toward drinking can influence the adolescents' drinking behavior [40] . In addition, one's network can influence the drinking culture among young people. Adolescents obtained considerable information on drinking and shared this experience with their peers [42] . This condition increased the risk of drinking among adolescents. This finding can be attributed to the fact that drinking behavior is often supported by one's family. Chinese adults believe that drinking is important, especially among males. Thus, adults allow male teenagers to drink alcohol at family gatherings.
Meanwhile, age is significantly related to drinking in 2006 and 2011. Adolescents aged 15-16 years were more inclined to drink than those aged 12-14; however, in the 15-18 age cluster, older adolescents were less inclined to drink probably because of academic stress and less chances of partying, which reduces their exposure to alcohol [43] . A previous study revealed that drinking rates were higher for high school than middle school students [44] . This finding is similar to that of our study. We determined that residence (urban or rural) was associated with drinking behavior. For future drinking interventions, considerable attention should be paid to adolescents who are not in school and are living in urban areas. Moreover, the government should design different interventions for urban and rural teenagers.
Among adolescents, tobacco and alcohol consumption patterns were related from 2004 to 2011. This finding is similar to previous results, which indicated that cigarette smoking was strongly associated with alcohol consumption in young adults [45, 46] . A previous study also revealed that drinking increased the desire and pleasure associated with smoking [45] . Another study indicated that students who started smoking in college were at greater risk of increased alcohol consumption [47] . Adolescents' drinking behavior mostly occurred during parties with classmates. Moreover, non-smokers easily became smokers at parties. In China, smoking is considered as a catalyst of friendship and social activities [38] , and offering cigarettes to others is considered a form of etiquette regardless of whether others smoke or not. However, adult smokers rarely give cigarettes to teenagers because adolescents' smoking behavior is generally considered a bad habit by adults. Adult smokers offer cigarettes to other adults, especially men. Adolescents copy this behavior by giving cigarettes to fellow adolescents [48] . Thus, adolescents should be taught to reject cigarettes given by peers.
Many studies have been conducted on the association between smoking and drinking among college students, but only a few have examined the link between these behaviors among middle and high school students. Future studies should thus focus on the relationship and factors between smoking and drinking among middle and high school students. The present study revealed that a high correlation existed between smoking and alcohol consumption, which indicated that students who drank were inclined to start smoking and those who smoked were inclined to start drinking. Thus, schools should pay considerable attention to students who either drink or smoke to prevent them from starting the other behavior. Attitude, knowledge [49] , self-efficacy, and cues to action [50] are considered strong predictors of smoking behavior. Future studies should consider the predictive effect of one behavior on another.
Although the present study focused on adolescents who smoke or drink alcohol, some non-smoking/non-drinking adolescents are in similar sociodemographic situations. Future research may be useful in studying why adolescents in similar circumstances do not smoke/drink alcohol. Factors that influence the avoidance of smoking or drinking may be a key intervention point to reduce the incidence of tobacco and alcohol consumption among adolescents.
Several limitations can be observed in our study. First, CHNS respondents in different years have changed, and such changes may have affected the smoking and drinking status of the survey participants. Second, CHNS is not a nationwide survey. It was conducted only in 12 cities in China; hence, it is not representative of the actual conditions throughout the country. Third, the 2014 data on CHNS were not made available to the public. Therefore, we were unable to investigate the smoking and drinking trends in 2014 as well as the changes in the sociodemographic factors in that year. Fourth, many social demographic factors related to tobacco and alcohol consumption were not included in the questionnaire. Finally, we cannot determine if adolescents reported their real smoking/drinking state because the CHNS takes the form of household surveys, and teenagers may give false answers to their parents. Despite these limitations, this study has advantages. First, the data used in this study are based on longitudinal research (CHNS). Second, the large sample size can effectively reflect the actual smoking and drinking status of adolescents. Third, this study focuses on the demographic factors that influence smoking/drinking among adolescents. Identifying groups of high-risk adolescents has implications for future intervention studies.
Conclusions
Several sociodemographic factors are associated with tobacco and alcohol consumption from 2004 to 2011. The prevalence of tobacco and alcohol consumption among adolescents (12-18 years old) has not changed significantly. The current study identified adolescent high-risk groups for tobacco and alcohol consumption. The findings provide an improved understanding of the sociodemographic factors that influence tobacco and alcohol consumption among adolescents in China. We recommend that future intervention programs focus on these sociodemographic factors.
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